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I. Solar Collector 


1. Summary - Work is on schedule. No problems were encountered 
in the development. 

2. Contract - No changes were requested during the quarter. No 
problems are being encountered in meeting requirements of the 
contract. 

3. The development is proceeding on schedule- -all milestones to date 
have been met. Master schedule is attached. 

4. a. During the quarter all materials to be used in the collector 

were reviewed and some materials were replaced with new ’iiaterials. 

The design of the collector was reviewed and slight changes in the 
structural design were made. Engineering testing was performed in 
order to establish the baseline performance requirements. 

b. Futu.'e activity will include testing of materials and performance, 
followed by fabrication of the prototype and the deliverable articles. 

A review of materials will be continued- -the current material are 
expected to meet all requirements but improvements are still 

pos sible. 

c. No major problems have developed to date. 

d. No data is being submitted with this report. 

II. Piuup 

1. Summary - Milestones were met and work is on schedule subject to 

vu' r ificat ion that a working model of the pump design meets requirements. 
Getting tlu‘ proper design was more difficult than expected. 

2. Contract - No changes were requested during the quarter. No problems 
have been encountered in tiieeting requiren^ent s of the contract. 

3. vXil major milestones in the contract to date have been met. The 
master schedule is attached. 
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Solar C olh'i lor 


1. Summary - Wi> art* sonu'uhat hi-hind in our solu'diiK* hi'causi' ot 
tlio dflay in ^rttini: malori.il. Didays in yottin^ material and tho 
failurt' i>l curtain materials to pert'orm propi-cly were the major 
problems encounte r«'d, Matt'rial perl'ormance problems sei'm to ha\ e 
been solved, but delays are ^•till a probbun. 

1 . Contract - Ch.inpes to the list ot applic.ible Interim Performanct' 

Criteria incorporated in ttie Subsystem Perform.ince Specifications 
weri' submitteil .ind .ipproved. The ch.inyes resultt'd from a more 
careful analysis of whicli IP(' were ri-U’vant to the collectoi sub- 
system. Mo problems w»*re encount i* r etl in nu'etini’ tht> ailminis- 
trative or tiulinu al reipii renu'nt s of tlu* contr.ict. 

Scheiiule - All mili*ston«'s to dole have been met. However, at this 
point \>w e ari" somewh.it bidiiiui scluululi' liec.iusi* ot tlu* delays in 
getting tile I‘!P1)M SUNMA l' tuliing. We li.u e .ilso been dt'layeil in 
doing .1 test for pot.iliilitv of w.iti'f circul.ited through the system 
bec.iusi' of .1 l.ick of coop»-ration from the U.S. Knvironmental 
Pnileition .\gency. Our m.ister schedule is .itt.iched. 

•1. 'recluiic.il 

. 1 . nuring the (pnirter tuigiuei- r ing testing led to ch.mges in both 
m.ileri.ils ,ind <h';;ign confi gu r it ion . Corbin cl. imps werr rejilaced 
wit ti St im pson cl. imps. The '-iliiM iud - in-cofiper tubi' dryer 
w.is re|d.i( ed \>. it h a r-ilu.i g,el-in-\virc mesh dr\<‘r. llu' 

.idhi'SKc used to boiul the .SlINM.-Xl’ tuning w.is i h.ingi'il siwer.il 
times. The unf.iced insul.it ion bo.ird was n pl.iced with foil- 
f.u'i'd bo.ird. The number of tubus in the m.it w.is reduceil from 
C’. to H. The usu of double - f. iced tapi' .is .in .lid in the construction 
[ifoies-. w.is ido|)ted. A number of P \ 10' collectors wi-re built 
during the «pi irter ti> identify problem .ire. is and test tliese design 
I ha u gi . 


b. I he two .ulivities ri'in. lining .ir,' tlie .iccompl ishm ent of rigorous 
testing to \ erifv the perform.ince of the final di’sign, .mil the docu- 
ment. it ion of the design, inchuling the inst.ill.it ion, operation and 
maint en.i nee m .iiiu.il s. 


c. Most v't tlu' I'li.uiiios madi' iluriui; tlu’ qu.irtt'r, whilo . 

woro ossiMit iolly rotinonu'nt s ami un provomont s on tlu> iMsic initial 
dosiqi\. riu' most siqnitioant problom was tlu' tailviro ot aiihosivos 
to pi'rtorm in aioonlanoo \\itl\ tlu' spi'o itic.it ii)ns v't tlu* supplii'f/ 
in.inut.u't nri' f - wo roliod I'n d.it.i qivi'n ti> us to si’loot oi’iiuMits .uui 
tlion l.iti'r tound tlu* .lotu.il po r t'orm.inoo did not m.itoii tlio d.ita. Wo 
tool now tti.it wo ti.i\ o idontitiod .ill tlio propor matori.ils .ind tli.it 
tlioso prohloms .iro solvod. 

d. No d.it.i is lioin^ submitti'd witli ttiis ipi.i rto fly roport. 

II. Pump 

1. Summ.ifv - I’urtlior dosi^n Muniit io.it ions n'quiri'd .uidition.il lUiqi- 
lU'ofinq timo and m.iti'fial. I'liis .iddition.il dosiqn work li.is put 
us bi'liind in lUir solioilulo, .ind t'urtlior dosiqn modifio.itions to i;ol 
tlu' roquirod i' t t'io iono io s m.iv still bi> roquirod. 

1 . t'vMitr.iot - rtioro woro no oli.in^os to tlio oontr.iot duritiji tlio qii.irtor. 
No probloms woro onoouiuorod in mooting m.in.igomont .ind .idmin- 
istr.iti\o ri'quiro’.iu'iit s ot tho oontr.iot - .ill probliMiis wi-ro of .i 
toohnio.il n.ituro. 

.Sohodulo - All milostiuu's to d.iti' li.ivo boon mot. llowovor. .it this 
point wo .iro still diUng vlosign m odifio.it ion .ind tosting ti> got tlu' 

•>tV’'., i> ffio it'iu V o.illod for in tho spiu ifio.it ions , If tlu* results in tho 
no\t tw»> wooks aro sma ossful, w i' o.in iiu'i't tlu' t,irigin.il sohmlulo. 

If not, w 1 ' will propose a oh.ino.o in tho offi«'ionov o.illod tiir in tho 
spiw if io.'.t ions, .iml pi. in to iloli\or on sohodulo .i pump th.it will moot 
tho revised spot' ifio.it urns. 

•1. l oohnii .il 

. 1 . Puring, tho quarter w i' liosignod .mil tostoil .i v.ilvo .it thi' sti'.im 
inlot th.it imiuani's tlu- ovoling t>f tho pump .iml its perform. moo on 
t lu' siu't It'll stft'kt'. riu' rest tit t lit' wtirk w.is tlo\tifoii to itiontitving 
.iml olimin.it ing tlu' siniroi' tif lu'.it Itissi's o.iusing ur.oxpoot I'ti inotti- 
t'ii'iitios. Kng.inot' ring .in.ilvsis loti ti' tho oonolusions th.it ho.it trom 
tho sto.im w .is bi'ing .ibsorl.otl by tir through tho ovlirali'r w .ill, so w i' 
so.irohotl for .iiul tostt'il different matori.ils to roduoo those losses. 
Improvomont s wi'ro m.ulo, but tho work oontimios. 


I). In tin* lu'xt two works wo plan to tost a to Qon-linod cylinder 

ma<lo oi Foain Glass wiach should allow rapid runoff of water 
from Uio sidos and potul insulation. Following this test, wo wi’l 
run a SOO-hour lost, o|)orato llio punip with the concentrating 
colloi tors, nu'asmn- l■ffici('nci^‘S anrl porformanco in a more rigorous 
way, and comploto the lu'cossary manuals. 

c. Tlu' problem throughout the quarter has boon the difficulty in 
getting tlu' pum[) to o[)orati- with adeipi.ate thermal efficiencies. 
Umiorlying Hiis problem is tlu- difficulty we have had in analyzing 
this heat loss prol)lom with conventional engineering techniques. 

Our analyses suggest the pum{) sliovild be mori- efficient, and have 


not helped us pinjjoint the problem, 
th. analysis witli intuition and trial 

d. No data is being sul)mitlod with 


so we have had to supplement 
and error experimentation. 

this quarterly report. 
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I. Sol, If Coll»*i'l o r ! I 

- - ■ ■ f 

1. Sumin.iry ~ A I'li.mci' w.is m.uli' in tlu‘ st.iU'nu'iit ol work to 
iiii'o f|u> r.iti’ .1 pl.istif Ir.iMU', ,in»l a two-nu)nth I'xlonsion was 

arr.uiL’od to .illi^w U>r this lu'w work. Wi* aro ludiiiul tin* iiricin.il ' 

sriu'tiulo, hut will finish ,ih«M<i of tlu' now sriu'duh . I'ostini; during ; 

tho c]uartor was miu'r.illy sun i'sstul, I'xoipt tor uiu'xpi'otod nv.i- ^ 

•’assini; of insul.it ion. 1 his roprosonts tlu* only major |iro lU'in to j 

lu' soK'i'd. I 

('out r.u t - I'h.uu’o to tlu' St.itomont of Work w.is pro[n)sod aiul ! 

appro\i'd. In pl.uu’ »>l a doulil «• - ijla .’.lul oollootor w i* will ho di'sii^niny 1 

.in I'xt rudod pl.istii' fr.imo w hii h will allow m.iiuitaolur ing of i on- 
vontional p.uu'b. with t^ood .ippo.i r.inoi' .ind ivasy .loooss to tho 
.ihsorhor plato. I'o .illow timo for this wurk a two-month no oost 
o.xtonsion w.is approvod. 

t. Sohodiih* - Pol.ivs in i-ollino. I'PPM tuhiiii; up to spooifioation 

oontinuod wi'll into t lu' (|U.irtor, hut tow.irds tho lUid oi t lu’ qiiartor 
pro'^ri'ss was m.uh' in o.itohiiu: up on tho sohodiilo. With tho two- 
month oxtonsion wo .intioipato no prohloms in iiu'oting tlu- sohodiilo 
for dolivory of oiiuipmonl. .\ oopy of tho masti'r sohodiilo is 
.Ut.u-hod. 

1. Toihnioal 

. 1 . Most of tlu' work diiriui^ llio poriod looussi'd on tostino, ol \-.irious 

kiiuh;. A wind liimu-l w .o; I'oiuit ruot I'd .ind tlu- I'olU'i’ti'r oxposi-d to .i ! 

7 mph wind, Tlu- i-olloitor w.is ovi'h'd 1 lUU^ tiiiii's with .i l.^.k P.Sk 
pull from tho o.la/. iiu', . I'lu- tul'ino, w.is lu-lil p r I'S su r i.’.iMl .it 10 PSI and 
10**1-' fi'r kOO hours. St.ituial ion tosts i>t oolh'otiirs wi-ro run llllrin^ 
whioh oollootor t om }>o r.it u ro s .ippro.iohod h10*’l-'. .-\s .i rosult ot 

Ihoso tosis. sovoral proliloms woro notod, Tho lu-ador nipplos .ind 
P-hoiids h.id ti> lio rodosii’.notl with a doi-pt-r i^roovi- and tho uso of an 
! opoxy I'i'iiu-nl w.is iiu i' rpv> r. it od to insuri- .i^.iinst K-.iks. 1 ho lihi-r- 

I’l.iss iu--ul.it ion out i;.i.-isi'il durim; .st .lyji.it ion — this is a pri'liU-m w-i' .iro 
still oon.-.ido r inn. In .idditioii diiriui’ tho ipi.irtor tlu- pl.istii tramo w.is 
' tlosi‘.’,!U‘»l, tin- tiio w.i.s m.ido, and tho fr.imo i-\t riuU'il. lii’.ti.il I'xami- ■ 

• 11 . It ion iiulio.itos tlu- fr.imo will wurk vi-ry woll. Also, th-' inst .ill.it ion, ■ 

; opi-r.it ion and mainton.inoi- m.inu.ils w-i* rt- pri-p.i ri-<l, and i-n^’inoi- r inc ■ 

dr.iwinus pn-p.iro«l. ■ 



I k 


\^. At't IV it i»' s riMu.unin^ mi IvuU* siMtlini; on o solut ion (i> tlu* ont - 
it.issiiii: prohlom, turtlior tiv-tinr, I'l Iho oxlrmloii tr.um* .uni ilovoK'p- 
immts lit w.ivs to i o\ mr it .nui in tlu* I’l.i/ini’,, .md oltWii'ni'v .nul 

opo v.it lon.i 1 tostiin*. ot oomplotmi oolloi'tors, 

i’. Tho most siiinitii'.mt rom. lining prot'liMO is tlu' ont i;.i s s inc ot t h<> 
insnl.it ion. W i' did not think tlio oolli'i'tor would np to UH1 F ilnrinp. 
st .1 cn.it ion, .ind w i' tlioncht tlio insnl.it ion would st.ind np to >*’lh'F. 
l.>m' solution is to ont c. is tho insnl.it ion in tlu' t'.u torv hot'oro t'.ihrio.i - 
tion. Wo .iri' .ilso lookinc. .it .ilt o rn.it iv<‘ insnl.it ions. 

d. No d.it.i IS lu'inc snhmittoil with this roport. 


Fnmp 

1. .dnmm.i rv - I'ho pump w.is oompli'tod; tho oonoont r.il in^ oollootor 

WMS .1 s s«'m Idl'd; tlio wliolo svstom w.is opor.itod :mi'i'osstnllv. Fnmp 
ottioionov IS still holow dosirod lo\i>ls. rostinc, is nndorw.iv to 
mo.isnro .lotn.il o t I’io lonoy . 

Font r. li t - Thoro woro no oh.inc.os to tlio oontr.u t during tlio ipi.irtor. 
No proldoni:; woro onoonntorod in mootinc m.in.icoiiiont .ind .idminis- 
tr.itivi' roipii romont s ot’tho lontr.iot. .-Ml prohloms oontinnod to ho 
ot' .1 t oolinio.il n.it nro. 

F .Sohi'diilo - Wo woro put hohind sohodnlo diirinc tin' ipi.irtor boo.inso 

ot prohloms with tho oonoont r.it inc oollootor. Fi'livorv ot tho oollootoi 
W.IS on timo. hnt .i nnmhor ot oompoin'iits woro missinc t.inltv, .nul 
thoro woro ooiisidor.ihlo dol.ivs in c‘dtinc tho iiooi' s s.i rv oompoiu'nts. 
Work h.is procrossod r.ipidlv sinoo thon .ind wo .iro oloso to lu'inc 
h.iok on sohodnlo. Hoo.inso oi tho two-month I'xtonsion ot tho oollootor 
procv.im .ind tho .idm ini st r .it iv o inoonvonionoi' ot' not rnnninc hoth 
procr.ims on tho s.imo tr.iok wo will ho dol.ivinc v.irions milostonos so 
th.it thov ooinoido with tho oollootor timot.ihlo. 

•1. Too hnio.il 


. 1 . Fiirinc tho ijn.irtor w»' oinnplotod dosicti ot tho pump, .ind .ittor 
tryitii; .i v.irioty ot .ippro.iohos omlod np w.itorprootinc llu' innor 
ovlindor oork with .i so.il.int. I'ho pump still di»os not .ippro.ioh tho 



c‘xpt'rt('fl 50‘*^o r>lTici<>nr y. rc;-liiii; indicates it is cl<j.ser to ZO to 
Zb% eftirient. Tlu- collector was assembled during th«- quarter, 
and the entire system set up and operated successfully. A manual 
was also preparefl, an^l engine(>ring drawings completed. 

b. We plan to focus on measuring the efficiency of the pujnp as 
accurately as possible*. We plan to do this by using both the steam 
generator and the collector, and comparing estimated outputs from 
both with the mechanical pumping output from the pump. 

c. The problem througliout the development has been identifying 
sources of im*fficic*ncy and correcting them. In spite of much 
analysis anti intuitive tinkering wi* have not been able to achieve 
efficiencies close to those wi* calculated we could get and those we 
had on smaller versions. In short, we are stumped and after 
measuring actu.il <*fficieiacies more closely will be proposing a 
modificatiim to the specs. 

d. No data is being submittet! with this report. 
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July \5, 1077 throu^;h October 15, 1977 


I. Collector 


1. Summary - A number of design and material changes were success- 
fully made during tlic quarter, and collectors of the final design were 
manufactured and tested. One was sent to DSET in Arizona for 
testing there. A one-month extension of the contract was requested 
to allow time for manufacturing the collectors after the completion 
of certification. 

2. Contract - A one-month no-cost extension of the term of the contract 
was requested to allow adequate time for manufacturing deliverable 
items after the completion of certification. 

3. Technical 

a. Design and material changes made successfully during the quarter 
include the following: 

o 

1) Insulation board outgassed in an oven at 350 F for an hour 
is being used to avoid out gas sing from stagnation. 

2) Several new adhesives were used successfully--Polyshim 
adhesive and elastic tape and Stic -Safe insulation adhesive. 

3) Gusset plates and angle irons were added to improve 
structural strength. 

Six 25-foot long collectors were manufactured and installed on a 
building on Long Island. Other collectors were manufactured for 
testing and demonstration purposes. Our early experience has 
confirmed that we can make large, custom -sized panels and that 
this approach reduces installation costs and makes integration into 
a roof structure easier. 

Rigorous testing in accordance with ASHRAE 93-77 indicated the 
slope of tlie efficiency line was s' eper than earlier tests showed. 

The results show the efficiency is in line v'ith other non- selective, 
singb'-glazt-d metal collectors. 

b. bi the remaining part of the contract we will have the certification 
completed and manufacture the collectors for delivery to NASA. 

c. No major technical prol>lems were encountered. 

d. No data is being submitted with this report. 

PAGE BEAWK NOT „LUm 
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II. Pump 

1. Svumviary - Final design of Ihc pump was completed. The use of 
a silicone sealant was the most significant technical development. 

A tradeoff between efficiency and pumping capacity became ev ident 
during the (juarter, and the efficiency specification was lowered 
accordingly. The pump functioned well during testing. 

2. Contract - A change to the specifications for the unit's pumping 
efficiency was submitted. There were no other changes or problems 
In contract administration. 

3. 'lecluiical 

a. During the quarter design of the piunp was completed and perform- 
ance t<‘sts conducted. A koy design development during the quarter 
was the use of a silicone material to seal the inner cork cylinder. 

This material ('ffectiv'ely waterproofs the system and allows extended 
operation at constant efficiencies. 

Testing and further analysis during the quarter showed that we would 
not get improved efficiencies without sacrificing pimiping capacity. 
Adding insulation takes up volume in the pump and therefore lowers 
the piuuping output per st' oke. Given these limits, the pump performei 
well during testing using botli the steam generator and the concentrating 
collectors. 

Although no marketing plans for the pump hav'e been formulated, it 
does find potential application in irrigation or in pvunping water for 
donu'stic use in underdeveloped areas. The key lies in the develop- 
ment of a reliable, reasonably priced concentrating collector. 

b. Li the reiiiaining part of the contract we will accomplish final 
testing for certification. 

c. No major teclinical problems were encountered. 

d. No data is being suljmitted with this report. 
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